Abstract
INTRODUCTION
Inflammatory bowel disease (IBD) is a chronic disease, often affecting young women of reproductive age. The potential impact of IBD on their pregnancy is one of the main concerns of these women. Several retrospective case-control studies have reported an increase of preterm delivery, low birth weight (LBW), small for gestational age (SGA) or congenital abnormalities (CAs) in patients with IBD, when compared to healthy controls [1] [2] [3] [4] .These conclusions have been confounded by the individual roles that disease activity and maintenance medications may play in these birth outcomes. Population-based studies from Europe have concluded that disease activity did not significantly increase the risk of low birth weight in patients with Crohn's disease (CD), whereas other studies have reported an increase in small for gestational age (SGA) births [5, 6] . A large prospective study including 332 pregnancy IBD women, reported that women with IBD had similar pregnancy outcomes women without IBD, but most of the IBD women were in remission or on maintenance therapy [7] . Since many women stop taking therapy during pregnancy, for fear of a negative effect on the fetus, further information on the impact of disease relapse while pregnant would be useful in counseling women [8] . A recent multicenter and prospective study [9] , where IBD women were asked to complete a questionnaire about their concerns on pregnancy and medications, demonstrated that a lack of knowledge or inappropriate education and counseling may lead to inappropriate treatment decisions.
A key factor in preventing relapse is use of maintenance medication. Thiopurines (azathioprine/mercaptopurine) have been a mainstay of maintenance therapy in IBD globally since the 1980s. There have been conflicting data on the birth outcomes of women with IBD treated with thiopurines, with populationbased studies showing no impact, but referral centers reporting an increased risk of SGA births or pre-terms births [10] [11] [12] . Since to women with IBD who are pregnant have a higher risk of adverse events, early consultation with specialists can help them to plan appropriate pregnancy and delivery [13] . Information on the role of disease activity and use of maintenance thiopurines can be critical in these discussions. The individual impact of these factors in LBW and SGA in women with IBD has not been systematically evaluated to date. For these reasons, we performed a systematic review and meta-analysis to identify the pooled effect of disease activity or thiopurine use on the rates of LBW and SGA in women with IBD.
MATERIALS AND METHODS
This systematic review and meta-analysis was conducted with guidance provided by the Cochrane Handbook for Systematic Reviews [14] . It is reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [15] .
Study selection
We included observational studies in this metaanalysis that met the following inclusion criteria: (1) participants: Studies performed in pregnant women with IBD; (2) interventions: Described any disease activity or thiopurine use as defined by each study's primary definition of use. We then sub-classified based on duration of exposure; (3) comparators: Pregnant women with IBD not exposed to disease activity or thiopurines; (4) outcomes: Risk Ratio (RR) and 95%CI of development of either LBW (a birth weight < 2500 mg), or SGA (a weight below the 10 th percentile for gestational age); and (5) studies: Reported with clear definitions of LBW and SGA. Provide sufficient data to allow estimation of effect size. Inclusion was not otherwise restricted by study size, language, or publication type. When there were multiple publications from the same cohort, data from the most recent comprehensive report were included.
Search strategy
The clinical investigators searched Medline, Embase, ClinicalTrials.gov, Web of Science and the Cochrane Library (up to October 2016), for all relevant articles on the effect of disease activity or thiopurine use on the risk of LBW or SGA among pregnant women with IBD. Medical subject heading (MeSH) or keywords used in the search included the following: "ulcerative colitis", "Crohn's disease", "Crohn's", "colitis", "inflammatory bowel disease", "IBD", "activity", "relapse", "thiopurine", "azathioprine", "mercaptopurine", "low birth weight", "LBW", "small for gestational age", "SGA". 
Study selection
Two authors (BGS, SS) independently and without blinding identified and reviewed potentially relevant articles to determine if they fulfill the inclusion criteria. A third author (ACM) adjudicated on whether or not studies should be included, were consensus not reached.
Data collection process and items
An unblinded review author used specially designed assessment forms to extract the relevant data. The forms captured data, including: author, geographical region, year of publication, study design, nature of disease, outcomes (cancer/ dysplasia), and drug used, dose effect, duration of treatment, setting in which the study was performed, and adjusted and unadjusted OR. Study quality and risk of bias were assessed according to the Newcastle-Ottawa Scale (NOS) guidelines. Patient selection methods, comparability of the studies groups and outcome were evaluated (Supplementary Table 1 ) [16] . Studies are assigned points for different questions in each category and can have a maximum of nine points. We considered higher than seven points as high quality [16] .
Analysis
Our analysis focused on the risk of the development of LBW or SGA among pregnant women with IBD, based on whether or not they had active disease or been treated with thiopurines. The random effects model as proposed by DerSimonian and Laird [17] was used to calculate pooled risk ratio (RR) and 95%CI. The effect estimate used was the RR, as a suitable estimate of relative risk. Potential publication bias was examined by funnel plots. Heterogeneity was examined by the Q statistic and the I2 statistic [18] . The Q and I 2 statistics were used to test statistical heterogeneity among studies. For the Q statistic, a P value of less than 0.1 is considered representative of statistically significant heterogeneity. An I 2 index of around 25% is considered to demonstrate low levels of heterogeneity, 50% medium, and 75% high. Sensitivity analyses were conducted, omitting each study in turn to screen for outliers with respect to results, study population, study design, or duration of thiopurines exposure. Analyses were performed using the Review Manager (RevMan, Version 5.3. Copenhagen: The Nordic Cochrane Centre, the Cochrane Collaboration, 2014).
RESULTS
Study selection and characteristics are shown in Figure  1 ; of the 69 abstracts identified, 35 papers were full text reviewed and, only 14 of them met inclusion criteria. Twenty-two papers were excluded for different reasons (supplementary Table 2 ) and 5 papers were not included in the meta-analysis because raw data was not available. Four studies reported data about disease activity in IBD patients and SGA; the same number of papers reported data about the prevalence of LBW. The prevalence of SGA in IBD patients on thiopurines treatment was described in 2 papers and, finally, LBW in newborns on thiopurines treatment and LBW were reported in 5 studies. Nine studies reported raw data suitable for metaanalysis (Table 1 ) [5, 6, [19] [20] [21] [22] [23] [24] [25] . All but two of these studies had a retrospective design. Mean length of follow up was 18.7 years, ranging from 3 to 15 years.
The analysis on disease activity was carried out on a total of 1128 IBD pregnancies with active disease vs 1280 IBD pregnancies in remission. There was not a homogeneous definition of "active disease" in the included studies (Table 2) . Pregnancies on or off thiopurines treatment (782 vs 3946 patients) were also analyzed. Outcomes evaluated were SGA and LBW. For the thiopurine-exposed groups, the proportions of patients exposed to other medications are shown in supplementary Table 3 .
Effect of disease activity on SGA and LBW
Six studies reported data about disease activity and SGA, 2 prospective study and 4 with retrospective design [6, [19] [20] [21] . Amongst the 1115 pregnancies in women with active disease, 12% (130/1115) resulted in SGA birth, compared to 9% in women with IBD in remission. The risk ratio for SGA with active disease was 1.3 (95%CI: 1.0-1.6, P = 0.04; Figure 2 ). There was no statistical heterogeneity amongst these studies (I 2 = 0%).
Two studies did not report raw data, so was excluded from the meta-analysis [26, 27] . Stephansson et al [27] reported a higher adjusted prevalence odds ratio of SGA in women with Ulcerative Colitis (UC) compared to controls (Adj POR 1.2) but this risk was higher in women with UC who had been hospitalized for UC (Adj POR 1.4) compared to outpatient women (Adj POR 0.95), suggesting that disease activity influenced this outcome.
Six studies reported data on LBW rates according to disease activity. Three had a prospective design and 3 were retrospective. Two studies provided no raw data [7, 28] , thus 4 were included in the metaanalysis [19] [20] [21] 24] . Women with IBD with active disease
One study was not included in the meta-analysis as it included no infants with birth weight less than 2500 g. This prospective and multi-centric European case-control study, called ECCO-EpiCom, only reported mean birth weight, which was lower in those with active disease [7] . In only one study [19] , patients were grouped by timing of their flare-up (early pregnancy, late pregnancy or both). They reported a 3-4-fold risk increase of low birth weight if the flare event was in both early and late pregnancy.
Effect of thiopurine therapy on small for gestational age and low birth weight
Since thiopurines have been a mainstay maintenance medication in IBD in many studies, and there was conflicting data regarding its impact on birth weight, we next analyzed studies that examined this issue. For the outcome of SGA, only 2 studies reported the SGA rates in patients on thiopurines, compared to nonthiopurine patients [19, 23] . No differences were observed between SGA risk in treated or non-treated women with IBD (RR = 0.9, 95%CI: 0.7-1.2, P = 0.50; Figure  4 ). There was significant statistical heterogeneity amongst these studies (I 2 = 70%). This is likely because the paper by Cleary did not control for disease activity [23] . Five studies reported raw data on LBW outcomes in women treated with thiopurines suitable for metaanalysis [3] [4] [5] [6] [7] , including 782 patients on treatment and 3946 non -treated. There was a higher risk ratio of LBW in women on thiopurines (RR = 1.4, 95%CI: had a higher risk ratio of LBW than women with inactive disease (RR = 2; 95%CI: 1.5-2.7, P < 0.0001; Figure 3 ). There was significant statistical heterogeneity amongst these studies (I 2 = 60%), based on the inclusion of one study [20] from a tertiary referral center, where the RR for LBW was 8.6. When this was excluded from the analysis the heterogeneity was 0%, but the RR for LBW remained significantly elevated (RR = 1.8, 95%CI: 1.5-2.7, 1.3-2.15, P = 0.0004). [20] 2004
1986-2001 R 56514 22 94 SGA and LBW de Lima-Karagiannis et al [21] 2016
2008-2014 P 298 92 134 SGA and LBW Moser et al [6] 2000
1993-1997 R 130 13 52 SGA Stephansson et al [27] 2011 1994-2006 R 871579 No raw data provided SGA Mahadevan et al [26] 2012 P 797 No raw data provided SGA Disease activity and LBW Bortlik et al [24] 2013 2007-2012 R 41 10 31 LBW Bröms et al [19] 2014
2006-2010 R 470110 988 972 SGA and LBW Bush et al [20] 2004
2008-2014 P 298 92 134 SGA and LBW Molnár et al [28] [5] 2007
1996-2004 R 900 20 628 LBW Shim et al [22] 2011 1996-2006 R 93 19 74 LBW Nørgård et al [10] 1.1-1.9, P = 0.007; Figure 5 ), however, when we only included the study that adjusted for disease activity, there was no significant effect of thiopurines on LBW (RR = 1.2, 95%CI: 0.6 -2.2; P = 0.6) [19] .
DISCUSSION
One of the most important questions for IBD physicians and patients is what effect disease activity and drug exposure will have on pregnancy outcomes. Previous studies reported an increased risk of LBW in women with IBD, but neither disease activity nor therapies were assessed separately [1] [2] [3] [4] . On the other hand, some studies found increased odds of LBW and SGA among infants born to mothers with CD but not those with UC [2] . Active disease during conception or pregnancy was previously associated with fetal loss, LBW and preterm birth [20, 29] . Based on this, the 2010 ECCO Consensus recommended that clinicians achieve clinical remission of CD patients before pregnancy [30] . In contrast,
Mahadevan et al [31] did not identify any relationship between active disease and adverse birth outcomes in an insured cohort in California.
The present meta-analysis, that included 9 studies, suggests that women with active disease during pregnancy have an increased risk of SGA and LBW in their neonates. This effect estimate averages the risk across different patient populations, and provides an estimate to consider when encouraging women Bröms et al [19] Any change in the treatment Bush et al [20] Hospitalization Moser et al [6] Surgery due to a flare of the disease Shim et al [22] de Lima-Karagiannis et al [21] HBI > 5
Komoto et al [25] SCCAI > 2; Partial Mayo Score Fecal calprotectin > 200 microgr/gr Bortlik et al [24] Consideration of treating physician to continue maintenance medications for IBD. This should also factor-in the role of peri-conception disease activity on probability of remission during pregnancy, an issue upon which we have previously reported [32] . Due to lack of reporting of sub-group data, we were unable to undertake sensitivity analysis by disease (UC or CD) or definition of 'active' disease. The mechanisms for this risk are unknown, but possible mechanisms include the physiological disruption of inflammation, in parallel with dietary restrictions and steroid use, may increase the risk of LBW or SGA [33] [34] [35] . When the relationship between thiopurine exposure was analyzed, most studies did not discriminate between patients with active disease on thiopurines, and those in remission on thiopurines. The study by Bröms et al [19] was most informative on this matter; when risk of LBW was controlled for disease activity, no significant effect of thiopurines was noted. This conclusion is consistent with the population-based studies on this topic, with cohorts predominantly in clinical remission [10] .
Limitations
There are several limitations to this meta-analysis. There is a great deal of heterogeneity regarding the definition of "active disease", and drug exposure. The criteria for clinical activity included medical record review, pharmacy data and patient contact, all of which have limitations. In addition, the influence of potentially clinically relevant confounding variables cannot be adequately evaluated. These include retrospective assessment of activity, endoscopic (not symptom) activity, duration of disease, anatomic extent, family history of LBW/SGA, nutritional status and smoking. We intended to performed sub-analyses for the case definition, (as reported in the Results) disease activity definitions, follow-up duration and protocol but there were too few similarly defined parameters within the included studies to further subgroup these for analyses. For some outcomes, less than 5 studies were suitable for meta-analysis, which may limit the application of the results to the pregnant IBD population as a whole.
Conclusion
The presence of active IBD during pregnancy is a risk factor for both SGA and LBW in women with IBD. Independent of disease activity, thiopurine use does not increase the risk of either SGA or LBW. These conclusions should be factored-into discussion with pregnant women about maintenance therapies during pregnancy. Future studies on these relationships should define disease activity according to standard criteria (e.g., Mayo score), and control for disease activity when assessing the impact of medications on pregnancy outcomes.
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The pregnancy outcomes in inflammatory bowel disease (IBD) patients are an important topic for physicians and patients. The drug exposure effect and the influence of active disease on low birth weight (LBW) and/or small gestational age (SGA) are not yet well-known. In fact, many women become non-adherent to medications during pregnancy, for fear of a negative effect on the fetus So further information would be useful in counseling IBD pregnancy women.
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Innovations and breakthroughs
In the present meta-analysis, we have observed that the presence of active IBD during pregnancy is a risk factor for SGA and LBW in women with IBD. Independent of disease activity, thiopurine use does not increase the risk of either SGA or LBW. These conclusions should be factored-into discussion with pregnant women about maintenance therapies during pregnancy.
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Since to women with IBD who are pregnant have a higher risk of adverse events, early consultation with specialists can help them to plan appropriate pregnancy and delivery. Future studies on these relationships should define disease activity according to standard criteria (e.g., Mayo score), and control for disease activity when assessing the impact of medications on pregnancy outcomes.
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